Introduction
Polyene natural products that exhibit significant bioactivities are widely known in nature [1, 2] . The fluorinated analogs of the polyene are of great interest for studying their actions in vivo and the modification of their activities [3] [4] [5] [6] [7] [8] . Fluorodienylmetals (1) are effective as building blocks for the synthesis of polyene analogs with fluorine attached to the double bonds [5, 8] . Although fluorodienylboronates (1, M = B in scheme 1) can be used as building blocks for the synthesis of various fluoropolyenes by the Suzuki-Miyaura coupling reaction [9] , they have not yet been synthesized. Alkadienylboronates are synthesized by the Heck reaction of vinylboronates (4) with haloalkenes and used for polyene synthesis [10, 11] . Recently, we succeeded in the stereoselective synthesis of (E)-and (Z)-2-fluoro-1-iodoalkenes (2) and 2-fluoroalkenyliodonium salts (3) [12] [13] [14] . For the synthesis of
fluoroalkadienylboronates (5) and their application in the synthesis of fluoropolyenes (6), we examined the Heck reaction of vinylboronates (4) with 2-fluoro-1-iodoalkenes 2 and 2-fluoroalkenyliodonium salts 3 (Scheme 2). Pd cat.
Result and discussion
In the Heck-reaction of the vinylboronates with haloalkenes, the Suzuki-Miyaura coupling reaction competes to give dienes and the yield of the desired dienylboronates decreases [10] . Recently, Whiting et al. successfully depressed the undesired Suzuki-Miyaura coupling using 4,4,6-trimethyl-2-vinyl-1,3,2-dioxaborinane as the vinylboronate and performing the reaction at a high temperature [11] . However, under the same conditions, the Heck reaction of (E)-2-fluoro-1-iodoalkenes (2) with vinylboronates such as 4,4,6-trimethyl-2-vinyl-1,3,2-dioxaborinane or 4,4,5,5-tetramethyl-2-vinyl-[1,3,2]-dioxaborolane (7) proceeded non-selectively to give a mixture of products, e.g. (E)-and (Z)-fluorodienylboronates, and the Suzuki-Miyaura coupling product. Alkenyliodonium salts are more reactive than the corresponding iodides in the cross-coupling reaction [15, 16] , and therefore, the Heck reaction of (E)-2-fluoro-1-dodecenyl iodonium salt (3a) with 4,4,5,5-tetramethyl-2-vinyl-[1,3,2]-dioxaborolane (7) was examined ( Table 1) . As expected, the reaction proceeded at room temperature and the desired (1E, 3E)-4-fluoro-1,3-tetradecadienylboronate (5a) was obtained stereoselectively (>95%).
Under those conditions, (2-tolylvinyl)boronate (9), the Heck reaction product with a tolyl group on 3a, and 4-fluoro-1,3-tetradecadiene (8), the Suzuki-Miyaura coupling product, were also formed as by-products [17] . As reported previously, amine is superior to K 2 CO 3 as a base to selectively obtain the Heck product (entries 2 and 4) [18] .
When the reaction was carried out using Bu 3 N as a base and 2.4 eq of 7 to 3a, 5a was obtained in 65% yield (entry 5). Under these conditions, 8 (5% yield) and 9 (3% yield), which can be separated from 5a by silica gel column chromatography, were also formed. Various 2-fluoroalkenyliodonium salts (3a-f) were used in the synthesis of 4-fluoro-1,3-alkadienylboronates 5a-f (Table 2) . When (E)-fluoroalkenyliodonium salts (3a-e) were used, the corresponding (1E, 3E)-4-fluoro-1,3-alkadienylboronates (5a-e) were obtained in 55-65% yield with good stereoselectivity (94-98%).
Functional groups such as ketone and ester can tolerate these reaction conditions, and functionalized fluoroalkadienylboronates (5c-e) were obtained (entries 3-5). On the other hand, the reaction with (Z)-fluoroalkenyliodonium salt (3f) proceeded less selectively, and the desired (1E, 3Z)-4-fluoro-1,3-alkadienylboronate (5f) was obtained in lower yield (46%) with a significant amount of the Suzuki-Miyaura coupling product (20%) (Entry 6) [17] . 
Conclusion
In conclusion, various (1E, 
Experimental

General methods
The IR spectra were recorded using a JASCO FT/IR-410 spectrophotometer. The EI-high-resolution mass spectra were measured on a JEOL JMS-700TZ
spectrometer.
(E)-2-Fluoroalkenyliodonium salts 3a-e were prepared from the corresponding alkynes and iodotoluene difluoride according to a literature [13] . 
Synthesis of fluoroalkadienylboronates
(1E,3E)-2-(4-Fluoro-1,3-tetradecadienyl)-4,4,5,5-tetramethyl-[1,3,2]-dioxaborolane (5a)
A mixture of Pd(OAc) 2 (11 mg, 0.05 mmol ), Bu 3 N (110 mg, 0. 6 mmol), 3a (238 mg, 0.5 mmol), and 7 (185 mg, 1.2 mmol) in DMF (1.5 ml) was stirred under N 2 atmosphere at room temperature for 2h. Then, the mixture was poured into water and extracted with ether three times. The combined organic layers were dried over MgSO 4 
(1E,3E)-2-(5-Cyclohexyl-4-fluoro-1,3-pentadienyl)-4,4,5,5-tetramethyl-[1,3,2]-dioxaborolane (5b
(1E,3E)-2-(13-Acetoxy-4-fluoro-1,3-tridecadienyl)-4,4,5,5-tetramethyl-[1,3,2]-dioxaborolane (5c
